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(54) Improvements jin or relating to intergrated circuits 

■;;. r ;: i 

(57)' . A thick ^ated .interconnect (80) comprising a 
copper lead (50) anplja, bonding cap (84) coupled to the 
copper lead (50). Tbe.borjding cap (84) may include a 
bondable member (6.6V formed from a bondable layer 



(62) comprising aluminum. A barrier member (88) may 
be formed from a barrier layer (60). The barrier member 
(88) may be disposed between the bondable member 
(86) and the copper lead (50). 
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Description • , » - * * r 

TECHNICAL FIELD OF THE INVENTION " .*."f.- 

The present invention relates generally to the field 
of integrated cjrcu its, and more .particularly to an im- 
. proved thick Rlajed interconnect and. to an associated 
auxiliary interconnect .for an integrated circuit. . 

BACKGROUND OF. JHEJNyENTION 

Thick, plated metal interconnects can be used to 
provide iow resistance pathways, in .integrated circuits. 
The interconnects may be employed for,. high current 
bussing and similar applications of power integrated cir- 
cuits and other types of integrated circuits. The intercon- 
nects may be in the form of copper t because of jts low 
resistance. 

. ... Bonding directly to copper interconnects would en- 
^ hance the performance of integrated circuits by elimi- 
nating the high parasitic series resistance associated 
with bond pads and standard multi-levelVLSI metal sys- 
tems^ r Typical, bonding systems such as aluminum 
wedge and gold ball bonding, however, suffer reliability 
Drojplems ; when bonde.d to copper due to voiding of alu- 
minum in copper. Copper on copper bonds also ; suffer 
reliabjjity problems. (< 

..Tooyerpprnesuch reliability problems, nickel, plat- 
ing has been used as a cap metalization system for.thick 
plated copper interconnects. Although a nickel cap has 
beer) demonstrated to work reliably fpr large aluminum 
wedpe t) bonding, its manufacturability.is. not standard 
and rts environmental, cleanup is costly, and it is not re- 
liable ,^or. go.ld bonds. . . s 

! ' sujyyyi^ARY of thejnvention ' ~ ,' r 

.. . , f , Accordingly, a need has arisen Jnjthe^rt.f or ,an im- 
proyed thick pjat.ed.metal interconnect. The f present in- 
dention provides, a thick .plated interconnect haying an 
algminum bonding cap that substantially ejiminates or 
reduces the disadvantages and. problems associated 
with prior thick .plated .interconnects... ( , 

Jn accordance with .the .present , indention, a thick 
plated interconnect may comprise a, copper lead and. a 
bonding cap., coupled, to the copper leac£. The bonding 
,cap may include.ja, bondable member, formed from a 
v .bondable Jay ^r cpmp rising aluminum. A barrier rnember 
,,may b,£ formed from a k barrier.layer.,The barrier member 
/nay be disposed between the bondable member and. 
the copper lead. , - ( x , . 

More specifically, in one embodiment, the thick plat- 
ed interconnect may include a section of.acopper.seed 
layer. In this. embodiment, thecopper lead may be plated 
to the section of the copper seed, Jay er.: The bondable 
layer may comprise an aJuminyrrj.aUoy including silicon 
and copper. In a specific embodiment, the aluminum al- 
loy may include about one (1) percent silicon and.about 



one-half (0.5) percent copper. 

In accordance with another aspect of the present 
invention, an auxiliary interconnect may comprise a sec- 
ond section of the copper seed layer. An auxiliary bond- 
5 ing cap, may* be coupleaMo the second ; section of the 
. copper-seedrl^yerirThe auxiliary bonding cap may in- 
clude an auxiliary-rnember formed from. the bondable 
. .layer. An auxiliary barrier-member, may be formed from 
, u . the .barrier layer. The auxiliary,.barrier. member may b 
10 disposed between .the auxilian/ bondable member and 
. .the second section of -the copper seed layer. 

. Jmpo/tant.techn^ the present in- 

, . yention include providing a thick platedjnterconnect that 
substantially, reduces.or- eliminates .bonding resistance. 
|n . particular,- a bonding cap ; capable of receiving con- 
. . ventional gold wire and aluminum wedge bonds may be 
formed on a copper lead.i Accondinglyj bonds may be 
..,>,., formed directly on the thick plated interconnect and high 
. . parasitic series resistance-associated with bond pads is 
20, r : eliminated, - v - .■ j .. . ; * 

Another, technical advantage. of ;the present inven- 
tion includes providing an-auxiliaryjnterconnect formed 
. f rom some of the -same layers -of the thick plated inter- 
connect including the bond cap; s.eed and barrier layers 
25,. . and, .without additional processing steps. In particular, 
. the auxiliary, interconnect may be formed at any location 
commpq;to fabrication steps'Of the. thick plated intercon- 
' - , nect and used where the : very low-resistance of.copper 
t plating is not:required.; ( The : auxiliary/;interconnect pro- 
$o : :i yides more inter.connect^flexjbility , by providing a free 
level of interconnect.. Additionally,- the. auxiliary intercon- 
. x : . nect provides a relatively, small.. and. low resistance in- 
.terconnect that; allows. denser circuit, designs resulting 
in,die-area sayings j0 ; : t,- *. r , v.: ~. v"- : - : : 
35.. r , St ill, another technical advantage;, of the present in- 
, vent ion irpcludeSf providing an, improved mold.for. plating 
the . copper lead;pf the v thick plated interconnect. In par- 
, v , ticular.-.the mold may inc I ude a;cay it/ formed in a pho- 
.* ■ , toresist ilayer exposing a section of-a copper seed, layer 
4Q: , electrically, coupled to an underlying metal layer through 
r . ayja in a dielectric layer.* Abarrier: layer may be disposed 
,betwaen a?cppper seed layen and the underlying metal 
f -layer. c - . . , :( - t , 

- Other technical advantages will be- readily .apparent 
^5 to one skilled in the art from the following figures, d - 
scriptions, : and, claims: - , . -r • ^ . 'I 

i ^BRIEp.DESCRIPTI.ON OF THE DRAWINGS - 

5p .For a more complete understanding of .the present 
invention and its ; adv3ntages. thereof - t reference is now 
i made to the following .description, taken Jn conjunction 
.* with th^accompanying drawings, wherein like reference 
numerals represent like parts; in which: . 
55 - t , . FIGURES, 1A-E are/a series of -schematic cross- 
: sectional diagrams < illustrating :a method of fabricating 
; an improved thick.plated.copper interconnect and asso- 
ciated auxiliary metal intereonnecUn accordance with 
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one embodiment of th present invention. 

DETAILED DESCRIPTION OF THE INVENTION* 

• * The preferred embodiments of th'e present 'inven- 
tion and.its advantages are b st understood by referring 
" r -now in more detaii ; to FIGURES 1A-E of 'the drawings, 

• in which like numerals refer to like parts throughout the 

• several views. 1 FIGURES 1A-E illustrate a* method of 
f abricatin g a 1 coppeTpl&fed interconnect Raving an a'lu- 
minum bonding cap and ah asscblMed Sukillary 1 inter- 
connect *iri accordance! 7 with bhe'Wmbocfinient of the 
present invent tofij As'deseribediri mdre^detail below, the 
aluminum bonding 'dap allows direct bdhding to the in- 
terconnect for ! lowiresistahde* : kpplicati6ns. The auxiliary 
interconnecf'isfdrYnefd'with the inferddhnect anB'without 
additional processing steps. ,c ,l ' v 

FIGURE- TA 1 illustrates L ah' initial semiconductor 

1 ' structure 10. The initial semiconductor structured may 
comprise a semiconductor layer 12 including ^'inte- 
grated circuit? Having one or rnorelnterlevel contacts 1 4. 
The L €emicbriductbi l: feyef' L 12 may be* a substrate : such 

> { f as a wafer/It w(R be Understood that the semiconductor 
layer 1 2 'may- also be a teyer of Semiconductor material 
formed on a substrate. For1exam^le^the ; s§^Tiic6hducfor 
layer 12 ma^be'an 5 epitaxial fayer 'gr*own : oh L a wafer. It 
will be unde'retc^iH^th'e^ayeH^nlSiy also be another 
i system Gl*1htercbnne&ts &uctf layerof metal 

or mu Itiple layers of metal* wfWapp>fcpriatelsolaticft lay- 
ers as the^proSess dfct'dte'si'M^re-Mffshovm as ah 1 exerfi- 

"'plary s in gle^^ metal /dyst«rri for simplicity!' :r " v * >* : 

Ah interlevel o&ide 16^bafrier layer 18; 'metal layer 

" 20; -and dieleetrio { layer 22 maybe fb'rm^d oh' the semi- 
conductor layer 12. The interleveTdxide J T ; 6 Isolates the 
integrated circuitiof the semicbnductbr" Mayer 12 gener- 

^ aHyfibrh the-barrier'liayer TB; ^Thefhteifleveibxide 16 may 
be patterned and efched to^llcW^rte barrier layer 18 to 

» tcomact ttte^ntegr&te^ 

■n i2 J atnhe!4nterlev^*cbmsacf t^.^The^Weta^ 'layer^O is a 
' top surfafcdconvehtiOTalrnetaHa^ trre 

• procesk:sucrT as for a- double KfeVel metal fayer or f or a 
triple,tevel*netal layer. -Accordingly; rtiwiH ! b6f%nders ; tood 
that a present invention is not limited to use with a' single 
level system,- but'may f include 'multHlevdMnterconnect 
systems:'*^ • ^ * O .:- . , • u i: H 

The barrier layer 18 provides both an eteciricai con- 
tact and a mechanical barrier between the interlevel 
contact 1 : 4 of the serhic6hdu6tbr ; iayer 1 2 ahdthe r metal 
layer 20. Accordingly, the barrier layer 18 allows current 

/ - to flow between layers whMe preventing voiding ! and sim- 
ilar types of mechanical problems. The barrier layer 18 

*. may 'comprise any conductor that does 'hot adversely 
react with the interlevel contact of ,the semiconductor 
layer 12 or the- metal layer 20. - - • 

The dielectric layer 22 may be a passivation over- 
coat isolating the'inrtiahsemiconductor structured 0 gen- 
erally from subsequent integrated circuit processing. Di- 
electric layer 22 may be, composed of several layers of 



dielectric having different ch mical mak up. Dielectric 
layer 22 may be oxide and nitride or oxide and oxinitrid . 
The passivation overcoat 22, ribwever, may be pat- 
terned and etched to form vias 24 to expose the initial 
''s* lt semiconductor structur ' 10 to subsequent integrat d 
' 'circuit processing at specific locations. For the embod- 
- 1 imentof FIGURE 1 A| a via 24 may be formed in the pas- 
sivatibn bvercoat 22 over the interlevel contact 1 4 of the 
semiconductor layer 12. Accordingly, the interlevel con- 
*o tact 14 may' be 4 electrically connected to subsequently 
formed integrated circuit layers through the via 24 by the 
barrier fayer 18 and the metal layer 20. A second via 24 
rhay'aTso be 'formed in the passivation* overcoat '22 for 
J< ! 3n Suxiliary meHlal system 26. As explained in mor de- 
isr D tail below, the auxiliary metal system may fdrnVari i aux- 
M! ** iliMry interconnect. The* use of the terms "contacts" and 
vc * "vias* for interconnection of metal and semiconductor 
systems will be obvious to those skilled in the art: 
' In one embodiment, the semiconductor layer 12 
20 may comprise silicon and the metal' layer ^O rriay com- 
prise aluminum composition. In this embodiment', th 
; barrier laye'r 18 may comprise tungsten, titanium tun g- 
:: steW or platinum silicide, which will not redact with either 
the silicon or the aluminum. As previously described, the 
25 metal layer 20 may be a system of interconnects ihclud- - 
^ i ; ing multiple level'metal and corresponding barrier met- 
als and polysilicon interconnects. The Various rhetal 
1 ^systems may be isolated- by appropriate dielectric lay- 
' ;: ; Kj drsV The barfier metals may be tungsten, platinum, tita- 
30 hium, and dtftfer combinations described 'above. The 
r ;iJ! connection between metal systems is made by vias 
u ^whereas 1 connection to the actual silicoh'circuit is termed 
'""contacts." Gene rally/ the term "vias" is Used for connec- 
tions between interconnects and "contact" is'Used for 
35 connection to silicon or polysilicon. The interlevel oxide 
16 may comprise silicon dioxide and the ^passivation 
overcoat 22 may comprise a nitride overcoat. It will be 
: understood* *th'at the semicdhductor layer 12, interlevel 
r - 1 ?r 6xide''1^Vbarrrer ! fayeT^ ^O'/anrfp'assiva- 
4& '' licVfbverOT^ w'itHih the 

: ° • scSpfe'df the^^s^nt^vehtiorif P&r example; the 1 ihter- 
1 leVei oxide *r6 u and passivation? f overcbdt 22' L rViay be 
formed from otKerdielecific m^terials.' AclditibhaNy, the 
barrier layer 18*may be *^ny' conductor that provides a 
45 mechartical barrier between' layers. It wilPbe furiher un- 
derstobci that although the en^bodimenfof FIGURE 1 A 
11 includes' t>nly*a sirtgle iSy^rorrnfeta'f, the initial 1 semicon- 
ductor structure 10 may comprise multiple metal layers 
within the scope ofthe present iriventidn. Thus, ^s' pre- 
50 viousiy described, additional" system's of intercdhnects 
such as another layer of metal or multiple layer^'of rnetal 
with appropriate isolation layers may be ihcfuded as the 
r; * process diktat eV; 1 *■ Ti 

' i '^hefdrrihg'to FIGURE 1B, a barriefrlay f 30 may b 
55f formed oh th'e;surface of the initial semiconductor struc- 
*" ' ture 10. *As : shown r by FIGURE 1B,- the barrier layer 30 
may contact 1 the metal layer 20 through the vias 24 and 
' elsewhere 'contact the passivation layer 22. The barrier 



3 



5 



: EP O 849 797 A2 



6 



layer 30 may protect the ,underiying,meta[ layer go from 
subsequent metal processes. The barrier layer 30 may 
.jalsoact as an etch stop to protect ^rea^; from haying the 
metal layer 20 etched away where the vias 24 exists dur- 
ing subsequent,/r>etai etching steps. The. barrier layer 
p0 also protects a layer deposited s ed layer and thick 
plated layer from contamination, from the dielectric and 
vice versa. . - >*:'■. -■: 

In one embodiment, the £ bar-ner Jayer.30 may be ti- 
tanium tungsten (TiW).Jn this err^odiment.the titanium 
tungsten may.be sputter.deposited onto, the initial sem- 
iconductor structure 10. It wili.be ^understood that the 
barrier layer 30 may comprise, other, conductors capable 
of. protecting the underlying metalj'laye.n 20 7 within the 
scope of the present invention. .For example, tfte barrier 
layer 30 may comprise a varied metallurgical alloy or the 
like, . v . f! 

{t A copper seed layer 32 may be deposited onto the 
barrier layer 30. Preferably, the copper seed layer 32 
r pom prises copper. It will be understood that. the cppper 
seed Jayer 32 may comprise.ptherjriaterials capable of 
acting as a seed for copper plating. As described inmore 
detail below,. copper will plate to the copper seed layer 
32 t to form thick copper interconnect: . • 
_ For the embodiment ,of .FIGURE 1 B, a section ; 34 of 
the copper seed layer 32 may be in^electrical contact 
with the interlevel contact-1,4 of the semiconductor-layer 
J 2, through the barrier layers ,30- and and the metal 
layer 20. Elsewhere, the copper seed, layer 32 may be 
generally isolated from the semiconductorvlayer t2 by 
the passivation layer 22. A second section 36 of the cop- 
per, seed layer 32;may be in. electrical contact with the 
metaUayer.20 through the barrier layer 30 at ^auxil- 
iary. npetai v system 26 : , -. f r! 

Jn .a particular; embod.imenti the copper. seed layer 
32jmay:be sputter deposited on the barrier layer-30. In 
this ^embodiment, .the copperseed layer. 32 may be de- 
posited to a thickness of about-2,000 angstroms. It will 
be understood that 4he cppper seed layeP-,32 /may be 
otherwise deposited within the scope of the present in- 
vention. , iftOii.ty.-::- . ,/.'-*ti--.\ ' 

.. % photoresist layer ; 40;may be. deposited on the.cop- 
per seed layer 32. The.thickness : cf-the photoresist layer 
40 is driven by the thickness, of the .copper plating de- 
. sired for ,the ; copper interconnect. In one embodiment, 
the photoresist layer 40 may be 1 2,000 angstroms thick, 
which will allow up to 1 1 ,000 angstroms of copper to be 
plated. If a greater thickness of copper plating is desired, 
multiple layers of photoresist may be used. - 

The photoresist layer 40 may be patterned and- 
etchecj to form a cavity 42. exposing the sectton 34 of. 
the copper seed layer, 32, electrically coupled to the un- 
derlying metal layer 20 through the via 24 in the passi- 
yation overcqat ; 22. Preferably, the photoresist layer 40 
is patterned such that the cavity-42 overlaps the section 
,34 of the. copper seed layer 32 ;1 by.a distance great 
enough to compensate for misalignment of the pattern 
and st;ll; result in the patterned cavity efficiently overlap- 



^ • ping 34a the.section 34 of the copper seed layer 32. 
• • * *■ As shown by FIGURE 1 B, the cavity 42 in the pho- 
toresist layer 40 may in conjunction with the cavity and 
, r passivation layers 1 & and 22 linecf by copper seed layer 
* 5v • 32 and the barrier metal 30 forming the section 34 form 
<: - a combination layer mold '44 over the interlevel contact 
. ; 1 4. It wUI be understood that the bbmbination layer mold 
.. 44 maytcomprise other, mate'rials'withih the scope of the 
j' present invention. For example( : the photoresist and the 
10 passivation material may include combinations of other 
dielectric materia Is 1 suclv as oxide 'glasses; like silicon 
dioxide/and/oFpblymidesand/or polysilicons and/or se- 
lective epitaxials and/or other'materiais. 

' Referring to FIGURE"! G, a copper lead 50 may be 
*5 plated to the copper seed layer 32 exposed by the cavity 
42 in the combination < -layer <mbld*<44. In one embodi- 
Vi /. ment;. the copper lead 50 rhay 1 be plated by a conven- 
•b'it.-.tional electroplating -process. In 'this"' embodiment, the 
• ; semiconductor device' may be dispdsed''in a copper 
'^ •electroplating bath;*' In the electrdp/atinig' bath, copper 
"will plate-toUbe-copper seed' layer' 32 exposed in the 
combination layer mold r 44: ; TrVbhe embodiment; as pre- 
•: viousiy described, thecoppeneaa* 50 may be plated to 
< . a thickness "of 1 1 ,000 an'gstrdms-' It will be 1 understood 
£5 .^.that the thickness of the copper pi&tfng may be varied 
* wijh'in* the scope of the present invention. ' i i; 

; -Referring to FIGURE 1 D, the photoresist layer 40 
may be removed «to' leave the 'thick platecf copper lead 
■* '50. The- r phof6Fes;st ; layer*40 may be -removed by con- 
30 z ^ventional etching techniques:' It will be' understood that 
the 'photoresist- layer 40 * may r be ! otherwise 'removed 
< within the scope of the "pfesehY invention. * ' 
.! 1 As shown by FIGURE 1 Q, the ; cof>per lead 50 may 
be elec4ricially^connected with' the : interlevel contact 1 4 
35 of the semiconductor layer 1 2 througlrth'e sectidn 34 of 
the copper seed' layer 32,^ rh'etal { Iayer20, : and barrier 
layers : 18 and 30pThe^o^per"fead 50 wili'not be irfelec- 
.■^JtricalT contact wjth the ihterlevel' 'contact' -i^'wfiere the 
\ ^combination layer r rn6ld 38 is 'formed over the passiva- 
40V< tibn;overcoat 22?lh -this case, the copper lead 50 will be 
vf ; electrically isolated from the metal layer : 20 : ahd' other 
components- ; of the semiconductor device. f Jt ' * 

A barrier layer 60'm'ay be formed on the surface of 
the semiconductor structure'' 1 0^by sputtering methods. 
45 As shown byTIGURE 1 D, the barrier layer 60 may con- 
tact»the top surface' of thecopfref lead 50 and efeewhere 
thetcopper seed layer 32. 'The barrier layerfeO may pro- 
ject the underlying copper of the lead 50 and seed layer 
>• 32 from subsequent metal prbcesises.' The barrier layer 
so 60 may also protec'riater added' materials Irom interac- 
tion with the coppe'p which may cau^ voiding and other 
' deformities. - " ' ' 1 f * rz 

«- v.;. .'In-one embodiment/'the- barrier layer 60 may be 
sputtered titanium tungsten i(TiW). 'Abcbrdihglyrthe 
55. same 'meffal m^y be u6ed for both barrier layers 60 and 
30. Use of titanium tungsten for both barrier layers 30 
j >and 60 may make the present invention more manufac- 
■ u turable with standard VLSI and ULSI sputter processing 
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techniques. Specific examples of such process technol v 
ogiesjinclude FJRISM, EPIC, 'LBC.and power plus Ar- 
rays. if f .■!•.-, 

Th titanium tungsten oHhe barrier layer 60.may be 
sputter deposited tonto the semiconductor* structure? It 
will be understood thattthe barrier layer 60 may com- 
prise other conductors ^capable of-, preventing copper 
from reacting wjtfrjatet depositedmate rials. For exam- 
pie, the barrie.fi layen^O. may comprise a varied metal- 
. lurgical t alloyo/;thBjjke ( /^rr : . IB* .,. ; v-i-;c\u* 

The ba.rrier, : layers;30 and .60 sandwichcthe bopper 
lead 50 and eoppertseed. layer 32;suchrthat the Copper 
is not exposed 40f other, metal layers or systems' or die- 
lectrics or systems. The.barrien layers 30 and 60 may 
form ridged. surfaQeSj^gainsfeabutting coppersurfaces. 
A bondabJe iay9r«j62 mayibe-formed on the barrier 
j layer 60. In oae embodiment, the bondable layer 62 may 
be sputter deposited onto.the barrier layer 60. Thebond- 
able layer 62 pay have a standard thickness of. about 
0.6 microns.. At wjll be. understood that the ithickness'of 
the^bondable layer ; $Z rnay .vary, depending ;on the ap- 
plication for t(ie interconnect. v. t : .* 

■ . The bone&ble r layer62 may comprise^an aluminum 
alloy. In one embodiment, the bondable layer 62 may 
comprise alunriipium^with 1% silicon and a half percent 
copper (A! 1 3^>-§i QjS^CuX^Ttoi^ metal may. be deposited 
with conyentiqnalsputtering process technology. 
;1 ,,A phQtQjesjstJayer l 7P/.rnay.^b@ formed on) the bond- 
able Jayer. 62. } Th^.photoresjst t(ayei:70, may be depos- 
ited in accordance witb, h the{ . conventional photoresist 
( teAhnqlogy.Jn Qne^embpoiimenti . the- photo resist layer 70 
may havera thickne^s^pf, between p.6Land«1 .4 microns. 
It will be understood thatttie thicknessof.the photoresist 
may-y t ary,wit^ The 
plioto^resist jayer^p may be patterned t and etched to 
f leave. pho|ore£jstt pnly t above bpnding- and auxiliary in- 
terconnect .regions • i 7&c#9tWfWQ&OrF\&URE i\E s the 
semiconductor.^trijcture -may .be etched to;remove 'sec- 
tions of th^ bor^^le^layeriggnbarrjer layen6Q,f copper 
seed feyerj3^ : §ndJ^rrier;Jay^r 30ynrot coverediby the 
v patterqed-photpresisj layer 70: In one (embodiment, the 
unprotected Jayers may.. be- removed jby an>etched se- 
, quence, applied in a specific order sucr>that*mprotected 
. sections of the bondable layer 62 t areetched away first, 
followed -by underlying sections, of the barrier layer 60 
.second, copper seed jay^r ,32 thk& and barrier layer 30 
.fourth.: Accqrdingry,^he;etcl}ed .sequence- may :bea top 
down etch removing th^top or uppermost layer first and 
so on down through the following • layers ^as required. 
Each etch of the sequence may be a standardchemical 
etch as qrescribe,d in compatible processingn *. .-*!. 

Between etching barrier layer 60 and copper seed 
layer 32, a photoresist reflow^may optionally.be used to 
protect the remaining sections of the bondable jayer 62 
from being etched under f edges of the pattern.photore- 
sisUayer 70. Such, undercut etching. may occur at, the 
edges of c the f patterned bondable layer 62 bepause edg- 
t es of the remaining secfipn oHhe, bondable layer 62, will 



>r 



vr 

-•5 
t: 1: 



.10 



20 



25 



3a 



35 

,i 



45 



f *6*e exposed ^fteretchirfg'tK bondable layer 62 and the 
•'"barrier layer 60. Reflowof photoresist may cover the ex- 
i posed'edges and help reduce undercutting of the bond- 
; - able layer 62 during th subs quent etch of the copper 
J seed layer 32; After etching, a nitrid ' or other mat rial 

- "passivation maybe deposited and patterned to expose 
'regions to be bonded to. "'" 1 

The patterned photoresist layer 70 may be removed 
" to leave a thick plated copper interconnect 80 and as- 
sociated aii^ilrary metaf interconnect 82. The thick plat- 
•*--' ed copper interconnect 80 may include a bonding cap 
•84 directly dn 'top of the copper lead 50.' As shown by 
FIGURE i E.-the bonding cap 84 may comprise a bond- 
' able' member formed from the bondable layer 86 and a 
^barrTer member 88 formed from 'the barrier layer 30 at 
the bdnding regidn 72 above the copper lead '50. Ac- 
cordingly, conventional gold wire and aluminum Wedge 
bonds may be formed directly on the thick plated int r- 
^corineet 80: The barrier member 1 88 prevents vdiding of 
a bond with the copper lead 50. Accordingly, the bonds 
will not deteriorate and become mechanically or el* ctri- 

- cally uhreirdbte; Accordingly, high parasitic series resist- 
; 'an'ce associated bond pads' is elimihated^ " 

The auxiliary interconnects is formed from the 
bondable layer 62, barrier layer 60; Seed layer 32, and 

J. the .-barrier lay^r 30. The auxiliary interconnect 82 has a 

-property of small" geometry line control and th^'copper 
seed layerprbVides excellent electrdmigratibh control. 
■ . f The auxiliary interconnect 82* is associated with the 
thick plated copper interconnect 80 in that the- auxiliary 
interconnect 82 is formed form some of the layers of the 

i thick plated copper interconnect 80 arid without addi- 
tional processing steps. The auxiliary^ iriterdohhect 82 
may be used where copper plating is ridt 1 required.' Ad- 

: vantageously^the' auxiliary interconnect 82 proVides in- 
tercpnnect flexibility by providing a free level of intercon- 
nect.- Addftionally, the'duxiliary interconnect 8*2£rbvides 

- a -relatively srflalt arid - low resistance 1 interconnect hhat 
allows- dense r-cirdu it designs" resulting' in die area sav- 

Although the present invention has been described 
»'with ^several embodiments; VaHous'changess in modifi- 
;.cations may? be -'suggested to one skilled in the art. It is 
intended that the present invention accomplish" such 
.changes and modifications as fall within th^ scbpe of the 
appended cterms. ■/ - • >■ - 



Claims 



so 



1. A plated interconnect having a bonding cap fcbupled 
to acopper.lead, cornprising: 

: * a bdndable^ member forrned from a bondable 
v - f layer cornprising aluminum';'* • 

a barri errriem be r formed on a barrier layer; and 
j-e wherein the barrier member is disposed be- 
■ • * tween the bondable member and the copper 
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lead. • 

2. The interconnect of Claim 1 , wherein the bondable 
layer comprises an aluminum alloy comprising sili- 
con and copper. 

3. The interconnect of Claim 1 or Claim 2, wherein the 
bondable layer comprises an aluminum alloy com- 
prising between 1 percent silicon and between 0.5 
and 2 percent copper. 

4. The interconnect of any of Claims 1 to 3, wherein 
the bondable layer comprises an aluminum alloy 
comprising about one (1) percent silicon and about 
one half (0.5) percent copper. 

5. The interconnect of any of Claims 1 to 4, wherein 
the barrier layer comprises titanium tungsten (TiW). 

6. The interconnect of any of Claims 1 to 5, further 
comprising: 

a copper seed layer; and 

wherein the copper lead is plated to the copper 

seed layer. 

7. The interconnect of Claim 6, wherein: the copper 
seed layer is electrically coupled to an underlying 
metal layer; and 

a second barrier layer is disposed between 
the copper seed layer and the underlying metal lay- 
er. 

8. The interconnect of Claim 7, wherein the second 
barrier layer comprises titanium tungsten (TiW). 

9. The interconnect of any of Claims 1 to 8, wherein 
the copper lead comprises a thickness greater than 
10,000 angstroms. 

10. A semiconductor device, having a plated intercon- 
nect, comprising: 

a portion of a copper seed layer; 

a copper lead plated to the portion of the copper 

seed layer; 

a bonding cap coupled to the copper lead, com- 
prising: 

a bondable member formed from a portion of a- 
bondable layer that comprises aluminum; 
a barrier member formed from a portion of a 
barrier layer; wherein the barrier member dis- 
posed between the bondable member and the 
copper lead; 

an auxiliary interconnect, comprising: 
a second portion of the copper seed layer; 
an auxiliary bonding cap coupled to the second 
portion of the copper seed layer, comprising: 



an auxiliary member formed from a second por- 
tion of the bondahle layer; 
an auxiliary barrier member formed from a sec- 
■ :, v .**:• . .Pod portion of the.barrier layer; and wherein the 
5 auxiliary barrier member disposed between the 

auxiliary bondable member and the second 
; portion of -the icoppen seed layer. .:-, 
^ , vu . . ■ . •!- ■ ..-*i, t 

1 1 . The device of Claim 1 0,-whereiathe bondable layer 
10 comprises sputtered aluminum and the barrier layer 

. _ comprises sputtered.titanium tungsten (TiW). 

12. The device of Claim 10 or Claim 11, wherein the 
j , bondable layer comprises an aluminum alloy com- 
15 prising silicon and copper;.- . 

.»!'■. 

13. The device of any of Claims 10 to 12, wherein the 
•-it <j'i j . bondable layer comprises an aluminum alloy com- 
. r-. ; jo prising between 1 percent silicon and between 0.5 
20 and 2 percent copper. 

14. The device o; any of '.Claims KMo 13, wherein the 
.bondable layer comprisesan aluminum alloy com- 
prising-about one (1 ) percent- silicon and about one 

25 half (0.5) percent copper. 

r' '"■ -r :c ' • ■ * • ■ 

• . 15 r ..fThe device of any. of Claims 10. to 14, wherein the 

barker layer comprises titanium tungsten (TiW). 

30 16. The device of any of Claims 10 to 15, wherein the 
pprtion of the copper seed layer, electrically colipled 
to a portion of an. underlying metali layer through a 
via in a dielectric layer; and 

a portion of a second barrier layer is disposed 

35 ;betweervthe portion of *he copper seed layer and 
the portion :of the underlying metal layer. 

: t Ji 17. -.The.dev.ice of Claim : 16;-whereinihe seco'nd'portion 
V'/ i^ . -.iOf the copper. seed.layep iselectricallycoupled to a 
40 second portion of the underlying metal layer 
through a second via in the dielectric layer; and 
* a' second portion of' the second barrier layer 
' is disposed between the second portion of the cop- 

■ ^ per seed layer and the second portion of the under- 
^5 lying metal layer. - ' ..\ 

,:18: The device :.of. Claim 16-or Claim 17, wherein the 

• - . - i-second barrier layer comprises' titanium tungsten 

'(TiW). . ; * < * ' ■ , ■ A 

50 • . - . P> 

19. The device of any of Claims 10 to 18 ( wherein the 
copper lead is formed to a thickness greater than 
10,000 angstroms. 

55 20. A combination layer mold, comprising: 

a first cavity formed through a via in a layer of 
material; 
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the first cavity Hn d with a seed layer; ^ 
a second, cavity formed irf a photoresist lay r; 

,■ . and . • * * i .-.a-^ 
the second cavity* disposed substantially over - 1V 
the first cavity. 1 > ■*-*«. *> ■<* s j ^ 5 

21. The combination : 1ayer-~nnfb1d of Claim 20, further - '* ft 
comprising a barrier layer disposed between the *"*'* 

' . seed layer arid the via.* h ^ v . ;» 

>. ft --'in : 1 • v - * ro 

22. The combination layer 'mold of Claim 20 or Claim 

21 , wherein the seed layer is a copper seed layer. 

• r. r : , O * , ^ •* i - 

23. The com&ination^iayer mold of any of Claims 20 to 

22, wherein th# layer of -material 'comprises a die- is 
lectric material. 

;i i of * ; . = * ■ ■ *■ *"»u-. " 

24i The combination- layer mold of any of Claims 20 to K ' 
• 23, further comprising the second cavity overlap- 
ping the first cavity i ^ ,20 ■ 

25. The combirtatfon- : layer mold of <any ? of Claims 20 to 

24, further- comprising the photoresist layer having 
a a thickness: greaterlhan 10,000 angstroms. 

26. The combination layer mold of any of Claims 20 to 

25, further comprising the firstcavity being : formed 
through a plurality; of ;vias in*a plurality of layers of 
material. 

1 27* /An auxiliary interconnect; having a cap coupled to \ '- 
copper seed laye'rp comprising: 1 

< » ■ "--c 

../a 'bondable Jayer-^ o 
it*f a barrier-layer disposed betweenlhe bondabte 35 , 
\ w layer andithe ;copper seed layer. 



• v 281- The interranriectof Claim.27, further comprising the 
o? - seed layer:being disposedoh aj second barrier lay- 

_>y,.' ' er » ->0' v . ;* M ^ :i 40 

29. The*auxiliary interconnect of Claim 27 or Claim 28, 
' wherein the bondable layer comprises* sputtered 
. ^ aluminum and the barrier layer comprises sputtered 

titanium tungsten (TiW). • \- 1 . • 45 . 

, 30. The auxiliary interconnect of any of Claims 27 to 29, 
* - wherein the bondable layer comprises an aluminum 
alloy comprising between 1 percent silicon and be- 
tween 0.5 and 2 percent copper. * ' so 

-i t - \Vi • . ** :.' - 1 - * » ' v. 

« ( »* ' ■:. »)• *~ * 55 
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